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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a radio relay system 
capable of highly precisely avoiding oscillation caused by 
sneaking when a signal is relayed with identical frequency. 
SOLUTION: In the radio relay system for sending a radio 
signal from a first radio station to a second radio station via 
the radio relay apparatus, the radio relay apparatus 
comprises a relay control means for receiving a symbol sent 
by the first radio station and not relaying a part of the received 
symbol; a pilot signal transmission means for inserting the 
pilot signal in a part of section of the symbol to transmit it; a 
sneak wave estimation means for estimating a sneak wave 
on the basis of the pilot signal; and a sneak wave cancel 
means for canceling the sneak wave by subtracting the signal 
of the sneak wave estimated from a reception signal by the 
sneak wave estimation means. 
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(57) ABSTRACT 

A wireless relay system for relaying a radio signal trans- 
mitted from a first wireless station to a second wireless 
station via a wireless relay apparatus is disclosed. The 
wireless relay system includes a relay control part for 
receiving transmission symbols transmitted from the first 
wireless station and refraining from relaying a portion of the 
symbols, a pilot signal transmission part for transmitting a 
pilot signal that is inserted into a section of the portion of the 
transmission symbols, a coupling loop interference wave 
estimation part for receiving the pilot signal and estimating 
a coupling loop interference wave based on the pilot signal, 
and a coupling loop interference wave cancellation part for 
subtracting the estimated coupling loop interference wave 
from a reception signal. 
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WIRELESS RELAY SYSTEM, WIRELESS RELAY 
APPARATUS, AND WIRELESS RELAY METHOD 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

[0002] 'ITie present invention generally relates to a wire- 
less relay system, a wireless relay apparatus, and a wireless 
relay method for wireless communication between a trans- 
mission apparatus and a reception apparatus via a single or 
a plurality of wireless relay apparatuses. 

[0003] 2. Description of the Related Art 

[0004] Recently and continuing, a method of executing 
relay between a fransmission apparatus and a reception 
apparatus by using the same frequency band with a wireless 
relay apparatus (=relay device) is being considered. In 
employing the wireless relay apparatus, it is important to 
control oscillation created by a coupling loop interference 
wave from a transmitter antenna to a receiver antenna. That 
is, a characteristic degraded by generation of oscillation is a 

[0005] I'urtlicrmorc, since the relay is considered as a 
method that is mainly employed for broadcasting, control- 
ling the coupling loop interference wave is relatively easy. 
Meanwhile, in a case where the wireless relay apparatus is 
situated in the same environment (not a steel tower or on top 
of a building) as a typical mobile terminal, such as in a 
mobile communication system, changes of channel of the 
coupling loop interference wave become more frequent in 
accordance with movement of the wireless relay apparatus 
or changes of the surrounding environment. There is a 
problem in which a highly advanced technology of cancel- 
ing the coupling loop interference wave is required for 
swiftly corresponding to abrupt changes of the coupUng loop 
interference wave. 

[0006] In order to stilvc ihc problcnis nf iIil conventional 
wireless relay apparatus, various niclhiuls arc proposed. 

[0007] For example, a method of canceling the coupling 
loop interference wave, which uses a pilot signal inserted by 
a transmitter apparatus, is proposed (See, for example, 
Japanese Laid-Open Patent Application Nos. 2003-174392 
and 2003-298548). Japanese Laid-Open Patent Application 
No. 2003-174392 focuses on amplitude and phase being 
inserted into a predetermined pilot signal beforehand, in 
which an error signal is obtained by detecting frequency 
characteristics throughout the entire signal band by using the 
pilot signal, multipath components of transmission signals 
from a master station and other relay stations and a replica 
signal of the couphng loop interference wave are generated, 
and the replica signal is subtracted from the reception signal. 
Accordingly, even in a propagation environment where a 
large number of coupling loop interference waves exist or 
even in a propagation environment where multipath com- 
ponents of the main station transmission signal exist, the 
influences of both the coupling loop interference waves and 
the multipath components of the master station transmission 
signal can be eliminated. 

[0008] According to Japanese Laid-Open Patent Applica- 
tion No. 2003-298548, a subtracter for subtracting duplica- 
tions of coupling loop interference signals from input sig- 
nals, an FIR filter for generating duphcations of couphng 


loop interference signals, and a filter coeflScient generation 
part for generating an FIR filter from the output of the 
subtractor are provided. The filter coefGcient generation part 
performs a hard decision and remodulates a data carrier, 
calculates a transmission path characteristic by referring to 
the re-modulated data carrier, calculates cancellation residue 
from the transmission path characteristic, and updates the 
coefiScient of the FIR filter based on the results of applying 
IFFT to the cancellation residue. Accordingly, a couphng 
loop canceller enables tracking performance to be improved 
and cancelable delay time to be expanded. 

[0009] A configuration of a conventional wireless relay 
apparatus, which uses a couphng loop cancellation method 
by using a pilot signal inserted by a transmitter apparatus, is 
described below. 

[0010] FIG. 15 is block diagram showing a configuration 
of a conventional wireless relay apparatus. As shown in 
FIG. 15, the wireless relay apparatus includes a subtractor 
201 for subtracting a replica of a coupling loop interference 
signal from an input signal, an FIR filter 202 for generating 
the replica of the couphng loop interference signal, a coef- 
ficient update part 203 for generating a coefficient of the FIR 
filter 202, a pilot signal generation part 204 for generating a 
pilot signal with an amplitude and phase that are predefined, 
and an amplifier 205. 

[0011] In the conventional wireless relay apparatus, the 
coefiScient update part 203 obtains a characteristic of a 
transmission path, calculates a cancellation residue from the 
characteristic of the transmission path, and updates the 
coefiScient of the FIR filter 202. Accordingly, tracking per- 
formance can be improved and cancelable delay time can be 
expanded. 

[0012] As for other methods, there are a method of esti- 
mating a coupling loop interference by adding a pilot signal 
(a relatively long PN sequence with low electric power) to 
a relay signal of a wireless relay apparatus (see, for example, 
Japanese Laid-Open Patent Application No. 2001-186073); 
a melhotl ofeslimaling a coupling loop interference wave by 
transmitting a pilot signal from a wireless relay apparatus 
with a different fiequency band (see, for example, Japanese 
Laid-Open Patent Application No. 8-331016); and a method 
of estimating a coupling loop interference wave by tempo- 
rarily stopping relay (see, for example, Japanese Laid-Open 
Patent Application No. 2000-244382). 

[0013] However, the coupling loop cancellation method 
disclosed in Japanese Laid-Open Patent AppUcation No. 
2003-174392 has a problem of increasing noise in the 

[0014] In the couphng loop cancellation method disclosed 
in Japanese Laid-Open Patent AppHcation No. 2003- 
298548, a part of noise voltage of a sub-carrier will be 
excessively amplified and transmitted since a transmission 
signal is amplified stronger as the signal received by a 
wireless relay apparatus becomes weaker. Accordingly, the 
bit error rate tends to increase. 

[0015] Furthermore, the coupling loop cancellation 
method disclosed in Japanese Laid-Open Patent Application 
No. 2001-186073 has a problem of increasing the error rate 
in the receiver apparatus by applying a disturbance to a 
signal that is to be originally transmitted. 
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[0016] Furthermore, in the coupling loop cancellation 
method disclosed in Japanese Laid-Open Patent Application 
No. 8-331016, since the estimated channel value relies on a 
frequency that is used, accuracy in estimating the channel of 
the coupling loop is liable to deteriorate, and preparation of 
a frequency band for estimating the coupling loop interfer- 
ence wave would be necessary. 

[0017] Furthermore, in the coupling loop cancellation 
method disclosed in Japanese Laid-Open Palciii Apphcatiou 
No. 2000-244382, there is a problem that communication 
between a transmitter apparatus and a receiver apparatus is 
temporarily interrupted at a timing unexpected by the trans- 
mitter apparatus. 

SUMMARY OF THE INVENTION 

[0018] It is a general object of the present invention to 
provide a vvdreless relay system, a wireless relay apparatus, 
and a wireless relay method that substantially obviate one or 
more of the problems caused by the limitations and disad- 
vantages of the related art. 

[0019] Features and advanlagcs of the present invention 
are set forth in the clescriplion which follows, and in part will 
become apparent from the description and the accompany- 
ing drawings, or may be learned by practice of the invention 
according to the teachings provided in the description. 
Objects as well as other feattires and advantages of the 
present invention will be realized and attained by a wireless 
relay system, a wireless relay apparatus, and a wireless relay 
method particularly pointed out in the specification in such 
full, clear, concise, and exact terms as to enable a person 
having ordinary skill in the art to practice the invention. 

[0020] To achieve these and other advantages and in 
accortlaiicc with the purpose of the invention, as embodied 
and broadly described herein, the invention provides a 
wireless relay system for relaying a radio signal transmitted 
from a first wireless station to a second wireless station via 
a wireless relay apparatus, the wireless relay system includ- 
ing: a relay control part for receiving transmission symbols 
transmitted from the first wireless station and refraining 
from relaying a portion of the symbols; a pilot signal 
transmission part for transmitting a pilot signal that is 
inserted into a section of the portion of the transmission 
symbols; a coupling loop interference wave estimation part 
for receiving the pilot signal and estimating a coupling loop 
interference wave based on the pilot signal; and a coupling 
loop interference wave cancellation part for subtracting the 
estimated coupling loop interference wave from a reception 

[0021] In the wireless relay system according to an 
embodiment of the present invention, the first wireless 
station may include a control signal transmission part for 
transmitting a contool signal that is included in the trans- 
mission symbols transmitted to the wireless relay apparatus, 
wherein the vsdreless relay apparatus includes a relay refrain 
control part for refraining from relaying the radio signals in 
a section of the control signal. 

[0022] In the wireless relay system according to an 
embodiment of the present invention, the control signal 
transmission part may include a frame generation part for 
generating a frame of the hransmission symbols with a null 
symbol inserted therein, wherein the relay refraining control 


part includes a relay refraining part for refraining relay of 
signals in a section where the null signal is inserted. 

[0023] In the wireless relay system according to an 
embodiment of the present invention, the wireless relay 
apparatus may include a delay part for delaying the relay of 
the transmission symbols to an extent of N symbols, wherein 
N represents an integer which is not less than 1. 
[0024] In the wireless relay system according to an 
embodiment of the present invention, in a case of relaying 
a signal by using an OFDM transmission method, the 
wireless relay apparatus may include an IFFT part for 
performing an IFFT process to generate the transmission 
signal, and an FFT part for performing an FFT process on 
the receptitm signal, and the first wireless station includes an 
OFDM I'l aiiie gcnuraliun pari for inserting a null signal into 
a portion of a lime, frequency domain and generating a frame 
that is to be transmitted to the wireless relay apparatus. 

[0025] In the wireless relay system according to an 
embodiment of the present invention, the OFDM frame 
generation part may calculate a sub-carrier interval for 
inserting the the null signal in accordance with a formula of 
ceil {(FFT point value)/(Gl point value)], wherein "ceil (x)" 
represents a numeric function That returns a least integer 
greater than x, "FFT" represents Fast Fourier Transform and 
"GI" represents guard interval. 

[0026] In the wireless relay system according to an 
embodiment of the present invention, the wireless relay 
apparatus may include a channel estimation part for receiv- 
ing the pilot signal and estimating a channel in accordance 
with the received pilot signal, and a signal amplitude control 
part for controlling an amplitude of the reception signal 
based on a result of the channel estimation by the channel 

[0027] In the wireless relay system according to an 
embodiment of the present invention, the signal amplitude 
control part may employ a water filling theorem for con- 
trolling the amplitude of the reception signal. 

[0028] In the wireless relay system according to an 
embodiment of the present invention, the first wireless 
station, the second wireless station, and the wireless relay 
apparatus each may include a pluraHty of antennas, wherein 
the antennas are used to form a MIMO channel, wherein the 
relay control part, a pilot signal fransmission part, the 
coupling loop interference wave estimation part, and the 
coupling loop interference wave cancelation part are 
employed when executing transmission of MIMO channel 

[0029] Furthermore, the present invention provides a wire - 
less relay apparatus for relaying a radio signal transmitted 
from a first wireless station to a second wireless station, the 
wireless relay apparatus including: a relay control part for 
recei^Tng transmission symbols transmitted from the first 
wireless station and refraining from relaying a portion of the 
sjmbols; a pilot signal transmission part for transmitting a 
pilot signal that is inserted into a section of the portion of the 
transmission symbols; a coupling loop interference wave 
estimation part for receiving the pilot signal and estimating 
a channel impulse response of coupling loop interference 
wave based on the pilot signal; and a coupling loop inter- 
ference wave cancellation pari for subtracting the estimated 
coupling loop interference wave from a reception signal. 
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[0030] Furthermore, a wireless relay method for relaying 
a radio signal transmitted iiom a first wireless station to a 
second wireless station, the wireless relay method compris- 
ing the steps of: a) receiving transmission symbols trans- 
mitted from the first wireless station; b) refraining from 
relaying a portion of the symbols; c) transmitting a pilot 
signal that is inserted into a section of the portion of the 
transmission symbols; d) receiving the pilot signal; e) esti- 
mating a coupling loop interference wave based on the pilot 
signal; and f) subtracting the estimated coupling loop inter- 
ference wave from a reception signal. 

[0031] Other objects and further features of the present 
invention will be apparent from the following detailed 
description when read in conjunction with the accompany- 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is drawing showing an exemplary configu- 
ration of a wireless relay system including a wireless relay 
apparatus according to a first embodiment of the present 
invention; 

[0033] FIG. 2 is a drawing showing an exemplary con- 
figuration of the wireless relay apparatus shown in FIG. 1; 

[((((34] VIC. 3A is a drawing showing an exemplary 

coiiligiiralioii of a ctinvcnlional transmission apparatus; 

[0035] FIG. 3B is a drawing showing an exemplary con- 
figuration of a transmission apparatus according to an 
embodiment of the present invention; 

[0036] FIG. 4 is a drawing showing an exemplary con- 
figuration of a transmis.sion frame according to a first 
embodiment of the present invention; 

[0037] FIG. 5 is a drawing showing an exemplary con- 
figuration of a wireless relay apparatus according to a 
second embodiment of the present invention; 

[0038] FIG. 6 is a drawing showing an exemplary con- 
figuration of a transmission frame according to a second 
embodiment of the present invention; 

[0039] FIG. 7 is a drawing showing an exemplary con- 
figuration of a wireless relay apparatus according to a third 
embodiment of the present invention; 

[0040] FIG. 8 is a sequence diagram for describing con- 
trol of insertion of null signals according to a fourth embodi- 
ment of the present invention; 

[0041] FIG. 9 is a drawing showing an exemplary con- 
figuration of a transmission apparatus according to a fourth 
embodiment of the present invention; 

[0042] FIG. 10 is a drawing showing an exemplary con- 
figuration of a wireless relay apparatus according to a fifth 
embodiment of the present invention; 

[0043] FIGS. IIA-IIF are drawings showing for describ- 
ing delay operation according to a two symbol delay element 
according to a fifth embodiment of the present invention; 

[0044] FIG. 12 is a drawing showing an exemplary con- 
figuration of a conventional multi-point relay transmission 
system according to an MIMO channel signal transmission 
method; 


[0045] FIG. 13 is a drawdng showing an exemplary con- 
figuration of a wireless relay apparatus used in an MIMO 
channel configuration; 

[0046] FIG. 14 is a drawing showing an exemplary con- 
figuration of a coupling loop interference suppression part of 
the wireless relay apparatus shown in FIG. 13; and 
[0047] FIG. 15 is a dravidng showing an exemplary con- 
figuration of a conventional wireless relay apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[004S] In the following, embodiments of the present 
invention are described with reference to the accompanying 
drawings. 

First Embodiment 

[0049] All e\ani{)le uf a wireless relay system according to 
a first embcidimcnt ol the present invention is shown in FIG. 

1. In FIG. 1, the wireless relay system includes a transmis- 
sion apparatus 1, a wireless relay apparatus 2, and a recep- 
tion apparatus 3. 

[0050] The transmission apparatus 1 and the reception 
apparatus 3 in the first embodiment of the present invention 
are described below by assuming that the relation between 
the transmission apparatus 1 and the reception apparatus 3 is 
a relation of a base station (transmission apparatus 1) and a 
mobile station (reception apparatus 3). 

[0051] The signals received by the reception apparatus 3 
include a signal direcdy received from the transmission 
apparatus 1 and a signal received via the wireless relay 
apparatus 2. A signal transmitted from the transmission 
apparatus 1 is first received in the wireless relay apparatus 

2, and is retransmitted to the reception apparatus 3 at the 
same frequency. Furthermore, the wireless relay system of 
the first embodiment of the present invention is a system in 
which signal relay is executed according to a single carrier 
transmission method or a multicarrier transmission method 
(e.g. OFDM transmission method). 

[0052] FIG. 2 is a drawing showing an exemplary con- 
figuration of the wireless relay apparatus 2 shown in FIG. 1. 
[0053] In FIG. 2, the wireless relay apparatus 2 includes 
a reception antenna 11, a reception part 12, a subtracter 13, 
an FIR filter 14, a coeflicienl determination part 15, a pilot 
signal generation part 16, a pilot insertion timing detection 
part 17, a switch circuit 18, an amplifier 19, and a trans- 
mission antenna 20. 

[0054] In the transmission apparatus 1 shown in FIG. 1 
according to the first embodiment of the present invention, 
a null signal(s) is inserted into a transmission frame. First, 
this insertion of the null signal is described with reference to 
FIGS. 3A, 3B and 4. FIG. 3A is a drawing showing an 
exemplary configuration of a conventional transmission 
apparatus, FIG. 3B is a drawing showing an exemplary 
configuration of a transmission apparatus 1 of the present 
invention, and FIG. 4 is a drawing showing an exemplary 
configuration of a transmission frame according to the first 
embodiment of the present invention. 
[0055] As shown in FIG. 3A, the conventional transmis- 
sion apparatus includes a data symbol generation part 21 for 
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receiving input of information bits and generating a data 
symbol, a pilot signal generation part 22 for generating a 
pilot signal, and a frame generation part 23 for generating a 
transmission frame. The frame generation part 23 forms the 
transmission frame by multiplexing ihe data symbol output 
from the data symbol generation part 21 and the pilot signal 
output from the pilot signal generation part 22. 

[0056] Meanwhile, although the transmission apparatus 1 
according to the first embodiment of the present invention 
has a basic configuration similar to that of the conventional 
transmission apparatus, as shown in FIGS. 3A and 3B, the 
transmission apparatus 1 executes a different frame genera- 
tion process at a frame generation part 33. That is, the frame 
generation part 33 according to the first embodiment of the 
present invention inserts a null signal in a transmission 
frame, multiplexes the transtnission frame with a null signal 
position signal that includes information regarding the posi- 
tion at which the null signal is inserted, and transmits the 
transmission frame (See FIG. 3B). The null signal position 
information includes, for example, the number of null sig- 
nals, the time of null signals, or the interval of null signal 
insertion in a frequency direction. 

[0057] FIG. 4 is a drawing showing an exemplary con- 
figuration of a transmission frame generated by the frame 
generation part 33 in the above-described manner. As shown 
in FIG. 4, the frame generation part 33 according to the lirst 
embodiment of the present invention m null symbols (illus- 
trated as an outlined white space) (for example, m=l) at 
intervals of N symbols (illustrated as a diagonal line space). 
A pilot signal is inserted in the section of the nuU signal by 
the wireless relay apparatus 2 (described in further detail 
below). 

[0058] Although m null symbols are inserted between 
each N symbol section in the example of the first embodi- 
ment of the present invention, the value of m null symbols 
may be set in accordance with a d&sired accuracy for 
estimating the coupling loop interference wave. For 
example, in a case where higli accuracy is desired for 
estimating the couphng loop interference wave, m is set with 
a large value. For example, in a case where m is set as m>2, 
channel estimation accuracy can be heightened by obtaining 
the average of the channel estimation value obtained from m 
pilot signals and the estimation value of each channel. 

[0059] Furthermore, the value of the m null symbols is 
required to be set with a fixed value, but may alternatively 
be a value that is changed adaptively. For example, in a case 
where estimation accuracy of coupling loop interference 
wave is poor, bit error rate may increase even if reception 
power is secured in the reception apparatus 3; therefore, the 
value of m nuU symbols may be controlled in accordance 
with reception power in the reception apparatus 3 and the bit 
error rate. In this case, the transmission apparatus 1 changes 
the value of the m nuU symbols based on information 
indicative of reception power and bit error rate transmitted 
from the reception apparatus 3. 

[0060] Furthermore, since a coupling loop interference 
wave is received in the wireless relay apparatus 2 in a case 
where accuracy for estimating the coupling loop interference 
wave is poor, decrease in estimation accuracy of the cou- 
phng loop interference wave channel can be detected by 
obtaining a correlation between a reception waveform of a 


received signal and a time waveform of a reception signal 
received in the wireless relay apparatus 2 at a previous 
predetermined time. 

[0061] Meanwhile, although N may be set as the frame 
size, N can be set in accordance with fluctuation velocity of 
the coupling loop interference wave of the wireless relay 
apparatus 2 (fluctuation velocity in a case where fluctuation 
velocity of the coupling loop interference wave fluctuates in 
accordance with travel speed of the wireless relay apparatus 
and the transmission apparatus). For example, in this case, 
N may be set as N<(frame size), and m null symbols may be 
inserted in plural portions in a single frame. 

[0062] In general, the fluctuation amount of the couphng 
loop interference wave is indicated by the difference of 
impulse response of the coupling loop interference wave 
between a time point tl and a time point tl+At. Therefore, 
by obtaining a difference of channel estimation value 
between the current and previous coupling loop interference 
wave with respect to the impulse signals, and using the 
squared sums of the obtained values as an index, the 
fluctuation velocity of the coupling loop interference wave 
can be estimated. 

[0063] Accordingly, by allowing the wireless relay appa- 
ratus 2 to detect fluctuation velocity of the coupling loop 
interference wave and report the detection results to the 
transmission apparatus 1, the value of N can be adaptively 
variable in accordance with fluctuation velocity of the 
coupling loop interference wave. 

[0064] Next, operation of the wireless relay apparatus 2 is 
described with reference to FKJ. 2. The wireless relay 
apparatus 2 receives a relay signal transmitted from the 
transmission apparatus 1 at the reception part 12 via the 
reception antenna 11. The relay signal received at the 
reception part 12 is input to the pilot insertion timing 
detection part 17. The pilot insertion timing detection part 17 
extracts the null signd position signal from the input relay 
signal and detects the insertion position of the null signal. 
The pilot insertion timing detection part 17 transmits the 
pilot signal generated at the pilot signal generation part 16 
instead of a reception signal during the period where the null 
signal is inserted. In order to do so, the pilot insertion timing 
detection part 17 connects point c and b in the switch circuit 
18 in the insertion section of the nuU signal. 

[0065] A pilot signal is generated in the pilot signal 
generation part 16. The generated pilot signal is inserted 
within the period of the nuU signal and is input to the 
amplifier 19. Then, the amplifier 19 amplifies the pilot signal 
to a desired electric power value, and transmits the pilot 
signal via the transmission antenna 20. 

[0066] Furthermore, at the same time of executing the 
above-described operation, the cocfEcicnt determination 
part 15 estimates the channel of the coupling loop interfer- 
ence wave (transmission path characteristic) that fluctuates 
in accordance with, for example, changes in the surrounding 
environment, by referring to the reception signal corre- 
sponding to the pilot signal, and determines die coefficient 
of the FIR filter indicating said channel, that is, the filter 
coefficient that can cancel the coupling loop interference 
wave. That is, the FIR filter 14 is set with a coeflScient so that 
the transfer function thereof is the same as that of the 
coupling loop interference wave. 
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[0067] The subtracter 13 subtracts the coupling loop inter- 
ference wave (replica of the coupling loop interference 
wave) generated by the FIR filter 14 from the reception 
signal, thereby canceling the coupling loop interference. 
Then, a switch junction b of the switch circuit 18 is switched 
on. The reception signal having the replica subtracted there- 
from is input to the amplifier 19, is amplified to a desired 
power level, and is transmitted to the transmission antenna 
20. 

[0058] Since the wireless relay apparatus 2 according to 
the first embodiment of the present invention transmits a 
pilot signal at the section in which the null signal is inserted, 
and at the same time, estimates the channel of the coupling 
loop interference wave in accordance with the reception 
signal corresponding to the pilot signal, the wireless relay 
apparatus 2 is able to estimate the coupling loop interference 
wave without interrupting communications between the 
transmission apparatus 1 and the reception apparatus 3. 

[0069] Furtliermore, since the wireless relay apparatus 2 
cancels the coupling loop interference wave by generating a 
pseudo coupling loop interference wave with the FIR filter 
14 in accordance with the estimated coupling loop interfer- 
ence wave and subtracting the output of the FIR filter 14 
(output pseudo coupling loop interference wave) from a 
signal received by the wireless relay apparatus 2 with the 
subtracter 13, the wireless relay apparatus 2 can prevent 
oscillation due to the coupling loop interference wave with 
high accuracy. Accordingly, increases in bit error rate of the 
relay signal can be prevented, and reception quality of the 
relay signal can be enhanced. 

[0070] It is to be noted that, since the signals prior to the 
first null symbol cannot be subjected to cancellation of the 
coupling loop interference wave, the signals may be 
excluded from being relayed and may be used to serve as a 
preliminary notification to the wireless relay apparatus 2 

Second Embodiment 

[0071] In a system executing OFDM communication, all 
transmission signals in a predetermined time do not need to 
be inserted with null signals, but altcmativcly, a symbol(s), 
which only forms a part of a sub-carrier, may be made into 
a nuU signal(s). 

[0072] FIG. 5 is a drawing showing an exemplary con- 
figuration of a wireless relay apparatus according to a 
second embodiment of the present invention. FIG. 6 is a 
drawing showing an exemplary configuration of a transmis- 
sion firame generated by a transmission frame generation 
part of a transmission apparatus according to the second 
embodiment of the present invention. 

[0073] The wireless relay apparatus shown in FIG. 5 has 
a configuration similar to that of the wireless relay apparatus 
2 according to the first embodiment of the present invention 
shown in FIG. 2, but is also provided with an FFT part 51 
for performing an FFT process on a reception signal(s), and 
an IFFT part 59 for performing an IFFT process on a 
transmission signal(s). The parts, which suppress loop inter- 
ference, are provided to each of the sub-carriers 50^-50^. 
Here, points that are different from the first embodiment of 
the present invention are described in detail. 
[0074] In FIG. 5, the IFFT part 59 performs IFFT (Inverse 
Fast Fourier I'ransform) on plural symbol data and trans- 


forms the symbol data into time domain signals (OFDM 
transmission signals). Meanwhile, the FFT part 51 performs 
FFT (Fast Fourier Transform) on reception signals and 
transforms the reception signals into frequency domain 
signals (OFDM reception signals). 

[0075] Next, a configuration of a transmission frame 
according to the second embodiment of the present inven- 
tion is described with reference to FIG. 6. FIG. 6 illustrates 
OFDM signals, before being subjected to the IFFT process, 
which are arranged in time and frequency domain. In FIG. 
6, vertical axis shows frequency and vertical axis shows 
time. In FIG. 6, the diagonal line spaces represent data or 
pilot symbols, and the outlined white spaces represent null 
sjmbols. 

[0076] Here, the frequency interval of the sub-carriers is 
determined in accordance with, for example, a formula 
described below; 

[0077] wherein "ceil (x)" represents a numeric function 
that returns a least integer greater than x, and "Gl" repre- 
sents guard interval. 

[0078] In a case where the values of channel estimations 
in an interval of ceil{(subcarrier number)/(Gl point num- 
ber)} are obtained, it is ideal to estimate the channels of all 
sub-carriers by interpolating ihcsc values. However, since 
channel estimation accuracy may deteriorate depeiKliiig on 
the interpolation method, null signals may be suitably 
inserted in a shorter frequency interval. 
[0079] Since nuU signals are included only in a portion of 
the symbols of the sub-carriers, the present invention can 
decrease the loss of tinroughput due to the nuU symbol 
insertion. Accordingly, such a system can attain the same 
advantages as those of the first embodiment of the present 


Third Embodiment 
[0080] Although the second embodiment ol the present 
invention is described supposing the same power amplifi- 
cation factor is allocated against all subcarricrs, in a case 
where OFDM transmission is employed, a wireless relay 
apparatus according to a third embodiment ot the present 
invention changes the electric power amplification factor of 
each sub-carrier for attaining a more satisfactory communi- 
cations quality. That is, the wireless relay apparatus accord- 
ing to the third embodiment of the present invention has a 
function of aintroUing the electric power amplification 
factor of each sub-carrier. 

[0081] As shown in FIG. 7, the wireless relay apparatus 
according to the third embodiment of the present invention 
has a configuration similar to that of the wireless relay 
apparatus 2 according to the second embodiment of the 
present invention shown in FIG. 5, but is also provided with 
a transmission apparatus insertion pilot signal generation 
part 62 which generates the same pilot signals inserted by 
the fransmission apparatus, a channel estimation part 63, a 
power control amount determination part 64, and a multi- 
plier 69 for multiplying the power control amount deter- 
mined in the power control amount determination part 64 
and a reception signal(s). Next, points that are different from 
the second embodiment of the present invention shown in 
FIG. 5 are described in detail. 
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[0082] In FIG. 7, first, a pilot sigaal(s) inserted in the 
transmission apparatus is generated in the transmission 
apparatus insertion pilot signal generation part 62. The 
channel estimation part 63 estimates the channel between 
the transmission apparatus and the wireless relay apparatus 
in accordance with the reception signal corresponding to the 
pilot signal, and outputs the estimation result to the power 
control amount determination part 64. The power control 
amount determination part 64 determines the amount of 
power to be provided for each sub-carrier based on the state 
of the channel of each sub-carrier obtained from the channel 
estimation part 63. In determining the power control 
amount, a water filling theorem, for example, may be 
employed for obtaining a suitable result. The power control 
amount in a case of employing the water filling theorem can 
be expressed with the formula shown below. 

Power control amount-(reception power of each sub- 

[0083] Here, the constant is a value determined by a 
condition of making the relay gain in aU bands constant. 
Furthermore, such value may be controlled by a feedback 
signal that is transmitted from a reception apparatus based 
on the reception quality of the reception apparatus. 
[0084] The power control amount determined by the 
above-described formula is multiplied by a reception signal 
at the multiplier 69 and is input to an amplifier 71. Subse- 
quent operations are the same as those described above in 
the foregoing embodiments. 

[0085]_ In the system cxtculinsi OVDM commiinicatitin 

reception quality for rtctivinj; relay sip,nals can l)c enhanced 
at the reception side since the power ampUfication factor of 
the wireless relay apparatus is changed for each sub-carrier. 

Fourth Embodiment 
[0086] In each of the above-described embodiments of the 
present invention, the transmission apparatus constantly 
inserts null signals into the transmission frame even when 
relay is not executed constantly by the wireless relay appa- 
ratus Nevertheless, the present invention is not limited to 
such embodiments; alternatively, null signals may be 
inserted according to necessity. 

[0087] For example, as shown in a sequence diagram in 
FIG. 8, in a case where a reception apparatus A is unable to 
receive a control signal from a transmission apparatus ((a) in 
FIG. 8), the reception apparatus A transmits a predetermined 
relay request signal to a wireless relay apparatus ((b) in FIG. 
8). Furthermore, before the reception apparatus A com- 
mences communication ((d) in FIG. 8), the reception appa- 
ratus A informs the transmission apparatus that the commu- 
nication which is going to be commenced will be executed 
via the wireless relay apparatus by using a control signal ((c) 
in FIG. 8). By doing so, the transmission apparatus is, able 
to know that the reception apparatus A requests relay via the 
vrireless relay apparatus. 

[0088] Meanwhile, the reception apparatus B does not 
transmit the above-described relay request signal since the 
reception apparatus B is able to receive a control signal from 
the transmission apparatus ((a') in FIG. 8). The transmission 
apparatus is able to know that the reception apparatus B has 
not requested relay via the wireless relay apparatus since no 
signal corresponding to (c) is received. 


[0089] The transmission apparatus stores information 
whether or not terminal requires relay (for example, using a 
table) ((e) in FIG. 8). The transmission apparatus transmits 
a transmission frame being inserted with null signals ((f), (g) 
in FIG. 8) to a reception apparatus that is requesting 
communication via a wireless relay apparatus (in this 
example, reception apparatus A). The transmission appara- 
tus transmits a transmission frame without insertion of null 
signals ((h) in FIG. 8) to a reception apparatus that is 
directly communicating with the transmission apparatus (in 
this example, reception apparatus B). 
[0090] Accordingly, loss of throughput due to insertion of 
null signals can be prevented with respect to the reception 
apparatus that does not communication via the wireless relay 
apparatus. 

[0091] I'hc fourth embodiment of the present invention 
also requires to constantly insert null signals into the relay 
frame of the control signal, or to employ another method or 
part for canceling coupling loop interference. 

[0092] FIG. 9 is a drawing showing an exemplary con- 
figuration of a transmission apparatus according to the 
fourth embodiment of the present invention. The transmis- 
sion apparatus according to the fourth embodiment of the 
present invention has a configuration which is basically the 
same as that of the transmission apparatus shown in FIG. 3, 
except that a frame generation rule determination part 77 is 
added. The frame generation rule determination part 77 has 
a function of determining whether null signals are inserted. 

I mm I f he iramc generation rule determination part 77, as 
shown in the sequence diagram in FIG. S, monitors relay 
request signals from each reception apparatus (here, the 
signals are referred to as feedback signals from the reception 
apparatus), determines whether nuU signals are inserted with 
respect to each of the reception apparatuses using, for 
example, a table. Furthermore, the frame generation rule 
determination part 77 outputs the determination results to a 
frame generation part 78 at a predetermined timing. In 
accordance with the determination results output from the 
frame generation rule determination part 77, the frame 
generation part 78 controls insertion of null signals into the 

[0094] According to the fourth embodiment of the present 
invention, overhead due to insertion of null signals can be 
reduced for a reception apparatus that does not communicate 
via a wireless relay apparatus; thereby the throughput of the 
reception apparatus can be enhanced. 

Fifth Embodiment 

[0095] FIG. 10 is a drawing showing an exemplary con- 
figuration of a wireless relay apparatus according to a fifth 
embodiment of the present invention. 

[0096] In FIG. 10, the wireless relay apparatus includes a 
reception antenna 81, a reception part 82, a two symbol 
delay element 83, a subtractor 84, an FIR filter 85, a 
cocfiicicnt determination part 86, a pilot signal generation 
part 87, a pilot insertion timing detection part 88, a switch 
circuit 89, and an ampHfier 90. 

[0097] Here, the fifth embodiment of the present invention 
is different from the foregoing embodiments in that the two 
symbol delay element 83 is included. A delay operation of 
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the two symbol delay element 83 is described with reference 
to FIGS. IIA-IIF. In FIGS. IIA-IIF, letter D indicates a 
delay element (Delay Line). Since the fifth embodiment of 
the present invention employs the two sjnmbol delay element 
83, letter D is serially allocated in two steps. 

[0098] FIG. IIA shows an initial state prior to inputting 
symbols to the two symbol delay element 83. First, a 
reception of a first symbol in a forthcoming timing (FIG. 
IIB) triggers a delay of two symbols for the symbols input 
in the two symbol delay element 83. After the two symbol 
delay of the symbols in the two symbol delay element 83, a 
pilot signal (letter P) generated in a pilot signal generation 
part 87 is transmitted in a timing of receiving a second 
symbol (FIG. UC). 

[0099] By transmitting the pilot signal, the wireless relay 
apparatus receives a reception signal corresponding to the 
pilot signal in a timing of receiving the second symbol (in 
this case, the second symbol is a null signal). While a third 
symbol is being received in a reception part 82 of the 
wireless relay apparatus, a coefficient determination part 86 
of the wireless relay apparatus estimates the channel of the 
coupling loop interference wave in accordance with the 
reception signal and the pilot signal, determines the coefiS- 
cient of the FIR filter 85, and sets a coefiScient capable of 
canceling the coupling loop interference wave, to an FIR 
filter 85 (FIG. IIU). In the timing for transmitting the 
second symbol, a coupling loop interference wave of the first 
symbol added to the reception signal of the third symbol is 
cancelled (FIG. HE). Tlien, the third symbol is transmitted 
in a forthcoming timing (FIG. IIF). 

[0100] The fifth embodiment of the present invention is 
effective in a case where no or very weak direct waves are 
transmitted from the transmission apparatus to the reception 
apparatus, and is also effective in a case where it is allowed 
a large process delay of the wireless relay apparatus, since 
digital signal processing is also executed in the wireless 
relay apparatus. 

Sixth Embodiment 

[0101] A sixth embodiment of the present invention is a 
case where MIMO (Multiple Input Multiple Output) channel 
signal transmission is applied to the wireless relay apparatus 
of the present invention. MIMO channel signal Iransmissinn 
is a signal transmission method in which multiple informa- 
tion sequences are wirelessly transmitted m the same fre- 
quency band by a transmission apparatus, and radio signals 
on the same frequency band are received and separated into 
respective information sequences by a reception apparatus. 

[0102] First, an operation of a conventional MIMO chan- 
nel signal transmission method is described. ETG. 12 is a 
drawing showing an exemplary configuration of a multi- 
point relay transmission system according to the conven- 
tional MIMO channel signal transmission method. 

[0103] In the multi-point relay transmission system shown 
in FIG. 12, a transmission apparatus 100 transmits M 
number (M being an integer which is not less than 2) of 
information sequences S,, . . . S^^ from its transmission 
antennas Asl, . . . AsM in the form of vertical polarized 
plane wave radio signals of the same frequency band. L 
number (L being an integer which is not less than 1) of 
wireless relay apparatuses 110^, . . . 110^ receive M radio 


signals and temporarily store the radio signals. Then, when 
the transmission apparatus 100 stops transmission after a 
transmission amounting to a single message or a single burst 
is completed, the stored radio signals are amplified and 
transmitted to a reception apparatus 120 in the form of 
vertical polarized plane wave radio signals. A reception 
apparatus 120 receives the radio signals at its N number (N 
being an integer which is not less than M) of linearly 
polarized wave reception antennas Arl, . . . ArN and 
separates the received signals to M information sequences 
Sj, . . . S^ by applying an MIMO equalization process 
thereto. 

[0104] FIG. 13 is a drawing showing an exemplary con- 
figuration of a wireless relay apparatus tused for the above- 
described MIMO channel configuration, llie wireless relay 
apparatus acconling to the sixth embodiment of the present 
invention may include a different polarization plane wave 
relay function. 

[0105] The wireless relay apparatus shown in FIG. 13 
includes; U number (U being an integer which is not less 
than 1) of first polarization reception antennas; V number (V 
being an integer which is not less than 1) of second polar- 
ization reception antennas having an orthogonal polarization 
characteristic to that of the first reception reception antenna; 
U second polarization transmission antennas having an 
orthogonal polarization characteristic to that of the first 
polarization reception antenna; and V first polarization 
transmission apparatuses having a polarization characteristic 
orthogonalized to that of the second polarization reception 

[0106] The example shown in FIG. 13 is a case where 
U=V=1. In FIG. 13, the two antennas having polarization 
characteristics orthogonalized to each other are shown in a 
manner where one is illustrated as a triangle having its apex 
facing downward (inverted triangle) and the other is illus- 
trated as a triangle having its apex facing upward. 
[0107] The wireless relay apparatus in FIG. 13 includes a 
first polarization reception antenna 150j and a second polar- 
ization reception antenna ISOj. The radio signals received in 
the first and second polarization reception antennas 150^ and 
150; are suppressed in coupling loop interference suppres- 
sion parts 154j and 1542, ^nd are supplied to amplifiers 153^ 
and 153,. The radio signals amplified by amphfiers 153^ and 
153, are transmitted from the first and second polarization 
transmission antennas 151^ and 151,. 
[0108] In a case where the present invention is applied to 
the wireless relay apparatus including a different polariza- 
tion plane wave relay function, the coupling loop interfer- 
ence suppression parts 154j and 1542 may have a configu- 
ration similar to the configuration of the wireless relay 
apparatus shown in FIG. 2 (however, excluding the ampK- 
fier 19). Accordingly, in a case of executing relay with the 
same frequency, oscillation due to coupling loop interfer- 
ence can be prevented with more accuracy and multiple 
radio signals with the same frequency \vith orthogonalized 
polarization can simultaneously be relayed and amplified 
with a relatively high gain. 

[0109] FIG. 14 is another embodiment where MIMO 
channel signal transmission is apphed to the wireless relay 
apparatus of the present invention. 

[0110] In this embodiment, when the reception radio sig- 
nal of the second polarization reception antenna I5O2 is 
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transmitted from the first polarization transmission appara- 
tus I5I2 and is received at the first polarization reception 
antenna 150^ as a coupling loop interference signal, the 
coupling loop interference signal is suppressed. That is, 
when a coupling loop signal enters the closed loop, the 
coupling loop signal is suppressed before passing through 
the amplifier. Accordingly, the transmission channel char- 
acteristic (also referred to as impulse response, channel 
characteristic) of a coupling loop interference transmission 
channel 170, through which the coupling loop interference 
signal is transmitted from the first polarization transmission 
antenna I5I2 to the first polarization reception antenna 150^, 
is estimated by a coupling loop interference channel esti- 
mation part I8O1. 

[0111] The characteristic of the coupling loop interference 
transmission channel 170, which is estimated by the cou- 
pling loop interference channel estimation part 180j, is 
convoluted in an FIR filter 182j with respect to the signal 
received in the second polarization reception antenna 150, 
(in this example, the signal input to the amplifier 153,), to 
thereby generate a replica of the coupling loop interference 
signal of the coupling loop interference transmission chan- 
nel 170. The replica of the coupling loop interference signal 

polarization reception antenna 150, by a subtracter part 
183j. The signal output from the subtractor part 183^ is input 
to the amplifier 153,. 

[0112] Accordingly, from the reception radio signal of the 
first polarization reception antenna ISOj, the reception radio 
signal of the second polarization reception antenna ISO^, 
which is transmitted to first polarization reception antenna 
150^ via the coupling loop interference transmission channel 
170 as the coupling loop interference signal, is suppressed 
by the couphng loop interference signal replica from the FIR 
filter 182,. That is, coupling loop interference signal is 
suppressed before the reception radio signal of the second 
polarization reception antenna ISOj is input to the closed 
loop, thereby preventing the coupling loop interference 
signal from being amphfied by the amplifier and noise from 
being created. 

[0113] Accordingly, by applying the present invention to a 
system executing MIMO channel signal transmission, oscil- 
lation due to coupling loop interference waves can be 
prevented with high accuracy and channel capacity between 
the transmission apparatus and the reception apparatus can 
be increased with the MIMO channel configuration. 
[0114] Further, the present invention is not limited to these 
embodiments, but variations and modifications may be made 
without departing firom the scope of the present invention. 
[0115] I'he present application is based on Japanese Pri- 
ority Application No. 2004-0427 filed on Feb. 19, 2004, with 
the Japanese Patent Office, the entire contents of which are 
hereby incorporated by reference. 

What is claimed is: 

1. A wireless relay system for relaying a radio signal 
transmitted from a first wireless station to a second wireless 
station via a wireless relav apparatus, the wireless relay 
system comprising: 

a relay control part for receiving transmission symbols 
Uransmitled from the first wireless station and reliaining 
from relaying a portion of the symbols; 


a pilot signal transmission part for transmitting a pilot 
signal that is inserted into a section of the portion of the 

a coupling loop interference wave estimation part for 
receiving the pilot signal and estimating a couphng 
loop interference wave based on the pilot signal; and 

a couphng loop interference wave cancellation part for 
subtracting the estimated coupling loop interference 
wave from a reception signal. 

2. The wireless relay system as claimed in claim 1, 
wherein the first wireless station includes a control signal 
transmission part for transmitting a control signal that is 
included in the transmission symbols transmitted to the 
wireless relay apparatus, wherein the wireless relay appa- 
ratus includes a relay refrain control part for refraining from 
relaying the radio signals in a section of the control signal. 

3. llie wireless relay system as claimed in claim 2, 
wherein the control signal transmission part includes a frame 
generation part for generating a frame of the transmission 
symbols with a null symbol inserted therein, wherein the 
relay refraining control part includes a relay refraining part 
for refraining relay of signals in a section where the null 
signal is inserted. 

4. The wireless relay system as claimed in claim 1, 
wherein the wireless relay apparatus includes a delay part 
for delaying the relay of the transmission symbols to an 
extent of N symbols, wherein N represents an integer which 
is not less than 1. 

5. 'ITie wireless relay system as claimed in claim 1, 
wherein in a case of relaying a signal by using an OFDM 
transmission method, 

the wireless relay apparatus includes an IFFT part for 
performing an IFFT process to generate the transmis- 
sion signal, and an FFT part for performing an FFT 
process on the reception signal, and 

the first wireless station includes an OFDM frame gen- 
eration part for inserting a nuU signal into a portion of 
a time/frequency domain and generating a frame that is 
to be transmitted to the wireless relay apparatus. 

6. The wireless relay system as claimed in claim 5, 
wherein the OFDM frame generation part calculates a 
sub-carrier interval for inserting the the null signal in 
accordance with a formula of ceil {(FFT point valiie)/(Gl 
point value)}, wherein "ceil (x)" represents a numeric func- 
tion that returns a least integer greater than x, "FFT" 
represents Fast Fourier Transform and "Gl" represents guard 
interval. 

7. The wireless relay system as claimed in claim 5, 
wherein the wireless relay apparatus includes a channel 
estimation part for receiving the pilot signal and estimating 
a channel in accordance with the received pilot signal, and 
a signal amphlude control part for controlling an ampMtude 
of the reception signal based on a result of the chaimel 
estimation by the channel estimation part. 

8. The wireless relay system as claimed in claim 7, 
wherein the signal amplitude control part employs a water 
filling theorem for controlling the amplitude of the reception 

9. The wireless relay system as claimed in claim 1, 
wherein the first wireless station, the second wireless station, 
and the wireless relay apparatus each includes a plurality of 
antennas, wherein the antennas are used to form a MIMO 
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channel, wherein the relay control part, a pilot signal trans- 
mission part, the coupling loop interference wave estimation 
part, and the coupling loop interference wave cancellation 
part are employed when executing transmission of MIMO 
channel signals. 

10. A wireless relay apparatus for relaying a radio signal 
transmitted from a first wireless station to a second wireless 
station, the wireless relay apparatus comprising: 

a relay control part for receiving transmission symbols 
transmitted from the first wireless station and refrainmg 
from relaying a portion of the symbols; 
a pilot signal transmission part for transmitting a pilot 
signal that is inserted into a section of the portion of the 
ttansmission symbols; 
a coupling loop interference wave estimation part for 
receiving the pilot signal and estimating a channel 
impulse response of coupling loop interference wave 
based on the pilot signal; and 


a coupling loop interference wave cancellation part for 
subtracting the estimated coupling loop interference 
wave from a reception signal. 
11. A wireless relay method for relaying a radio signal 
transmitted from a first wireless station to a second wireless 
station, the wireless relay method comprising the steps of: 

a) receiving transmission symbols transmitted from the 
first wireless station; 

b) refraining from relaying a portion of the symbols; 

c) transmitting a pilot signal that is inserted into a section 
of the portion of the transmission symbols; 

d) receiving the pilot signal; 

e) estimating a coupling loop interference wave based on 
the pilot signal; and 

f) subtracting the estimated coupling loop interference 
wave from a reception signal. 


